








However,	 these	 interventions	 often	 disregard	 the	 issue	 of	 user	 comfort,	 despite	 being	 the	most	 important	
factor	of	energy	efficiency.	This	work	deals	with	the	assessment	of	the	indoor	thermal	conditions	of	a	restored	
industrial	 building,	 considering	 not	 only	 air	 temperature	 but	 also	 mean	 radiant	 interior	 temperature.	 The	
research	focuses	in	the	influence	of	the	radiative	performance	of	the	saw	tooth	roof	of	this	building	regarding	
these	 conditions.	 Results	 show	 that	 the	 analysed	 thermal	 parameters	 depend	 directly	 on	 the	 roof	 thermal	
behaviour.	In	fact,	the	glazed	area	of	this	type	of	roof	is	responsible	for	the	60%	of	the	increase	of	the	mean	






The	 industrial	 revolution,	 being	 one	 of	 the	 most	 significant	 changes	 in	 the	 history	 of	
humankind	 (Andrei,	 2012),	brought	as	a	 consequence	 the	development	of	 a	new	building	
typology.	 Large	 manufacturing	 spaces	 with	 proper	 lighting-spatial	 conditions	 for	 the	
implementation	of	productive	activities	were	needed.		
Some	 of	 these	 buildings	 have	 left	 their	mark	 on	 contemporary	 cities	 through	 some	








Museum	 (mNACTEC).	 It	 had	 a	 production	 area	 around	 11,000	m2	which	 has	 become	 the	
principal	exhibition	hall	of	the	Museum	after	its	rehabilitation.	Due	to	its	initial	purpose,	the	
elaboration	of	 fine	textiles,	 this	space	was	provided	with	a	roof	 in	saw-tooth.	This	 type	of	
roof,	with	its	glass	panels	facing	north,	provides	a	large	amount	of	natural	light,	and	avoids	
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the	 access	 of	 direct	 solar	 radiation	 to	 the	 interior.	 However,	 after	 the	 rehabilitation	 and	
used	 as	 Museum,	 the	 thermal	 indoor	 conditions	 are	 considered	 too	 hot	 in	 summer	 by	
visitors	and	workers,	in	spite	of	the	scarce	of	sunlight	entering.		
The	preservation	of	industrial	buildings	is	considered	a	sustainable	approach.	However,	
the	 mNACTEC	 rehabilitation	 disregards	 its	 new	 museum’s	 use	 and	 this	 could	 became	 a	
contradiction	 in	 terms	 of	 energy	 efficiency.	 Industrial	 buildings	 should	 be	 rehabilitated	 in	
order	to	be	adapted	to	their	new	uses	with	the	purpose	to	improve	their	conditions	adapted	
to	the	current	standards	and	requirements	(Blagojević	et	al,	2016).		
Even	 energy	 saving	 is	 one	 of	 the	 main	 aim	 in	 building	 sector,	 the	 user	 indoor	







with	 the	 room	 geometry	 (Kalmár	 et	 al,	 2012)	 or	 the	 comfort	 limits	 for	 heated	 ceilings	
(Fanger	et	al,	1980).	Likewise,	Atmaca	argues	that	the	mean	radiant	temperature	is	a	very	
significant	 factor	 especially	 in	 buildings	 whose	 envelopes	 are	 exposed	 to	 a	 strong	 solar	
radiation	(Atmaca	et	al,	2007),	like	is	the	case	of	the	mNACTEC	roof.		
In	this	sense,	due	to	the	proportion	that	the	roof	represents	with	respect	to	the	indoor	
space	 and	 the	 singularity	 of	 its	 own	 geometry,	 a	 detailed	 analysis	 of	 the	 radiative	
performance	of	this	element	will	be	recommended.	





The	methodology	 is	based	on	an	experimental	work	carried	out	 in	 the	mNACTEC	during	a	
period	 in	 the	hottest	period	of	summer	2015.	The	building	 is	 located	 in	Terrassa-Spain,	at	
2°00´E,	41°33´N	and	286	masl,	which	lies	in	the	Mediterranean	climatic	zone.		
The	building	has	a	main	exhibition	hall,	11000	m2,	with	161	Catalonians	vaults	arranged	






The	 experimental	 work	 of	 analysis	 of	 the	 roof	 radiative	 performance	 influence	 on	 the	
mean	radiant	 indoor	temperature	has	been	divided	 in	two	parts.	The	first	part	 focuses	on	
the	roof	thermal	behaviour	and	the	second	part	on	the	thermal	interior	conditions.	The	roof	
measurements	had	the	purpose	to	assess	its	thermal	response	to	the	climatic	conditions	to	
which	 it	 is	 exposed.	Due	 to	 the	 singularity	 of	 its	 geometry	 the	 two	 surfaces,	 opaque	 and	
glazed,	 had	 been	 analysed	 separately.	 Solar	 radiation	 (SR),	 long-wave	 radiation	 (LW)	 and	
surface	temperatures	Ts	of	the	opaque	and	glass	parts	(Ts.op,	Ts.g)	were	measured,	outside	












parameters	were	measured	on	the	opaque	surface	 from	July	1st	 to	 July	8th.	The	data	are	
always	 referred	 to	 solar	 time	 (UTC).	 The	equipment	used	was:	 for	 SR	a	pyranometer	MS-
020VM	with	a	 spectral	 range	 from	350nm	 to	1100nm,	 for	 LW	a	pyrgeometer	 IR02	with	a	
spectral	 range	 from	4.5	μm	 to	40	μm	and	a	 field	 view	angle	of	150°	 connected	 to	a	data	
logger	CR800,	and	for	 the	surface	temperatures	an	external	 thermocouple	K-type	connect	
to	a	multifunctional	meter	TESTO	435.	The	first	two	instruments	were	set	to	collect	data	in	5	
min	 and	 the	 last	 in	 20	 min	 intervals.	 Due	 to	 the	 difficulty	 of	 measuring	 the	 indoor	
temperature	of	the	glass	and	opaque	surfaces,	an	infrared	thermometer	was	used,	spectral	
range	8-14	μm,	and	emissivity	calibrated	at	0.90.	In	order	to	make	a	proper	diagnostic	of	the	
radiative	 roof	 behaviour,	 due	 to	 the	 complexity	 of	 its	 geometry,	 measurements	 in	 9	




surface	 temperatures	 measured	 with	 the	 infrared	thermometer	 and	 the	 K-type	
thermocouples,	and	the	average	differences	were	less	than	0.7°C.	
In	 regards	 to	 the	 ambient	 indoor	 measurements,	 all	 parameters	 considered	 in	 this	
part	 were	 collected	 from	 July	 9th	 to	 July	 13th.	 In	 order	 to	 assess	 Tmrt	 under	 indoor	
conditions,	a	frequent	method	validated	in	several	studies	was	used	(Thorsson	et	al,	2007)	
(d’Ambrosio	 et	 al,	 2013)	 which	 involved	 the	 globe	 temperature,	 air	 temperature	 and	 air	













Figure	 2	 shows	 the	 results	 of	 the	 radiation	 heat	 flux	 data	 on	 the	 opaque	 surface	 (a)	 and	
glazed	surface	(b).	Regarding	to	the	results	for	opaque	surface,	it	shows	a	SR	curve	with	no	
interruptions,	 which	 reflected	 0%	 obstructions,	 and	 completely	 clear	 sky	 conditions	
throughout	 the	 whole	 day.	 This	 radiation	 appears	 at	 04:30h,	 it	 rises	 until	 its	 peak	 1000	
W/m2	at	12:00h,	and	then	it	starts	to	fall	down	until	disappearing	at	19:30h.	 In	regards	to	
the	LW	at	night	periods	from	00:00	h	to	04:30	h	and	19:30	h	to	24:00	h	the	roof	is	emitting	a	
flux	quite	 constant,	 -87	W/m2.	While	 the	SR	appears	 the	heat	 losses	 start	 to	 rise	up	until	















but	 with	 a	 lower	 value,	 -55	W/m2,	 than	 the	 opaque	 surface.	 However	 in	 the	 daytime	 it	
displays	a	totally	different	behaviour.	When	solar	radiation	appears,	specifically	the	diffuse-
















surface	 temperatures	 had	 been	 measured,	 Figure	 4.	 At	 night	 time	 periods,	 these	
temperatures	 clearly	 only	 depend	 on	 heat	 losses	 by	 LW.	 This	 is	 reflected	 in	 the	
temperatures	of	both	surfaces,	which	keep	under	the	outdoor	air	 temperature	due	to	the	
high	 levels	 of	 LW	emitted	 to	 the	 sky.	Moreover,	 these	 results	 shows	 the	 influence	of	 the	
lesser	 portion	 of	 sky	 seen	 by	 the	 glass	 compared	 to	 opaque	 part	 over	 its	 surface	
temperature,	which	impacts	in	an	average	of	2°C	higher.		
In	 daytime	 period,	 the	 temperature	 performance	 of	 these	 two	 surfaces	 are	
conditioned	 by	 both	 radiations:	 SR	 and	 LW.	 In	 regards	 to	 the	 opaque	 part	 results,	 these	
values	show	a	behaviour	quite	corresponding	to	their	radiation	exchange,	Figure	2a.	In	the	
same	 way,	 the	 results	 of	 glass	 surface	 temperature	 show	 the	 same	 pattern	 seen	 in	 the	
measurements	of	SR,	a	curve	with	two	ascending	slopes.	Nevertheless,	these	two	slopes	do	




air	 temperature,	 comparing	 the	 same	 periods	 is	 2.5	 times,	 (5°C	 to	 2°C).	 This	 behaviour	
responds	 to	 the	 scarcity	of	net	 LW	 flux	emitted	 in	 the	morning	period,	which	 impact	 in	a	
higher	temperature,	and	transparency	of	glass	to	SW.	
Regarding	the	interior	surface	temperatures	results,	Figure	4b,	the	maximum	value	on	
both	 surfaces	 is	 around	 17:00h.	 In	 the	 case	 of	 the	 opaque	 surface,	 it	 shows	 a	 delay	 of	 5	
hours	and	a	reduction	of	20°C,	between	the	exterior	and	interior	maximum.	Meanwhile,	in	
the	glass	part,	the	transmission	occurs	almost	immediately,	and	it	displays	an	increase	of	its	
















(∆Tmrt-Tai).	 It	 is	observed	the	range	of	difference	goes	 from	-0.4°C,	very	constant	 in	night	
periods,	 to	 1.53°C,	 in	 the	 peak	 time.	 Their	maximums	 are	 around	 17:00h,	which	 coincide	






In	order	 to	determine	the	 independent	 impact	of	 the	roof	surfaces	over	 the	 interior	
ambient,	 it	 has	 been	 calculated	 the	 influence	 of	 surrounding	 surfaces	 over	 Tmrt.	 This	
parameter	was	calculated	based	on	measured	values	of	the	envelope	surface	temperatures,	
and	 their	 positions	 respect	 to	 the	 chosen	point,	 shape	 factor	 (SF)	 (Kabre,	 2010)	 obtained	
from	the	software	Heliodon	(Beckers	et	al,	2003).	Equation	(1)	was	used	for	this	purpose:		
																																																							(1)																																																																	





surfaces,	op	=	opaque	surface,	 	=	glass	 surface,	 	=	walls,	 	=	 floor.	Regarding	 the	 radiant	
temperatures,	according	 to	 the	 thermal	 images,	Figure	6,	 the	 floor	and	walls	have	almost	
the	 same	 values	 than	 Tai	measured,	while	 roof	 surfaces	 have	higher	 temperatures.	 Thus,	
only	roof	surfaces	are	considered	in	the	analysis	of	the	influence	over	Tmrt.	To	obtain	Ts.g.	
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It	 has	 been	 analysed	 the	 influence	 of	 the	 Ts.g.	 and	 Ts.op.	 on	 Tmrt	 at	 two	 different	
heights:	P1:	2.4	m	which	simulate	the	same	location	of	globe	thermometer,	and	P2:	4.8	m,	a	
point	located	in	a	second	floor.	The	analysis	corresponds	to	temperature	peak	time,	17:00	h.	




analysed	 point	 gets	 closer	 to	 the	 roof,	 the	 influence	 of	 both	 surfaces	 over	 ∆Tmrt-Tai	











sense,	 this	analysis	 supports	 that	 the	glass	 surface	has	 the	highest	 repercussion,	between	
the	all	surfaces	of	the	envelope,	over	Tmrt.	The	glass	impact	represents	the	60-66%	of	the	
entire	long	wave	radiation	flux.	This	behaviour	responds	to	the	high	temperatures	reached	
by	 this	 surface,	 47°C	 (maximum)	 although	 this	 surface	 is	 oriented	 to	 the	 North.	 These	
temperatures	are	determined	by	the	constant	action	of	the	diffuse	component	throughout	
the	whole	 day,	 and	 particularly	 to	 the	 heat	 radiation	 emitted	 by	 the	 opaque	 part,	which	
diminishes	the	heat	losses	of	this	surface.	
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